Objective: to investigate the accuracy of 2D and 3D ultrasound in measurement of Cesarean section (CS) scar thickness. Study design: A prospective observational study conducted on 75 pregnant women with previous 1 or 2 CS candidates for elective CS. Evaluation of LUS using 2D and 3D transabdominal and transvaginal ultrasound is then correlated to scar integrity assessed intraoperatively. Results: Five cases had scar dehiscence with incidence of 6.67%. Dehiscence showed a statistically significant difference between women with previous 2 CS and those with previous 1 CS (4 vs. 1 respectively). The best cut-off value for 2D and 3D transabdominal ultrasound was 3.8 and 5.0 mm, with AUC of 0.737and 0.824, yielding a sensitivity of 60% and 100%, specificity of 91.4% and 62.86% respectively .The best cut-off value for 2D and 3D transvaginal ultrasound was 2.0 and 1.9 mm with AUC of 0.931 and 0.974 with sensitivity of 100% and 100%, specificity of 65.71% and 87.14% respectively. Conclusion: ultrasound is a reliable method for measuring the LUS thickness and scar integrity in patients with previous CS. The use of transvaginal 3D ultrasound in measuring the muscular layer thickness of LUS is the most reliable route with high sensitivity and specificity.
Introduction
Cesarean section (CS) is the commonest operation performed by the gynaecologist and one of the commonest surgical procedures in general. The rates of CS are continuing to rise all over the world [1] . Its frequency is likely to increase further for non-recurring indications such as breech presentation [2] . For women who have had previous CS, choices for mode of birth in their next pregnancy are either trial of vaginal birth after caesarean (VBAC) or an elective repeat caesarean (ERC) [3] . VBAC avoids major abdominal surgery, lowers a woman's risk of hemorrhage and infection, and shortens postpartum recovery. It also avoids the possible future risks related to having multiple cesareans, such as hysterectomy, bowel and bladder injury, transfusion, infection, and abnormal placenta conditions (placenta previa and placenta accreta). A successful VBAC has fewer complications than an elective repeat cesarean while a failed trial of labor after cesarean (TOLAC) has more complications than an elective repeat cesarean [4] .
Uterine rupture due to dehiscence of the previous C.S scar is one of the most morbid and catastrophic complications that may happen with VBAC trial. The risk of uterine rupture during VBAC trial is estimated to be 74/10000 [5] . Prediction of scar dehiscence will help in patient selection for VBAC. Trails have been made to visualize the lower uterine segment (LUS) and previous C.S scar. Many methods have been suggested, including Hysterography,
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sonohysterography, hysteroscopy, magnetic resonance imaging and ultrasonography [6] . Some authors measured the entire thickness of the lower uterine segment [7] , while others measured the muscular layer thickness [8] . The optimal cut-off value predicting scar dehiscence varied from 2.0 to 3.5 mm for full LUS thickness and from 1.4 to 2.0 for myometrial layer [6] .
Martins and co-workers in 2009 have suggested that 3D ultrasound decrease the interobserver variability in sonographic measurement of scar thickness, making the use of ultrasound for this goal more accurate [9] . However, Cheung et al., 2011 , have reached different conclusion as 3D in comparison to 2-D transabdominal approach did not seem to improve the reliability of LUS thickness measurement [10] .
The aim of this study is to investigate the accuracy of 2D and 3D ultrasound in visualization of the LUS and measurement of CS scar thickness.
Material and methods
This is a prospective observational study conducted on 75 pregnant women who attended Kasr Al Ainy maternity hospital during the period from June 2011 and June 2015.
The study was approved by local ethics committee and informed consents about the study and expected value and outcome and consents for transvaginal ultrasound examination were obtained. All participants were at 37 -40 weeks of gestational age, singleton pregnancy, cephalic presentation, not in labor with intact membranes and most importantly with history of one or two previous CS. Participants with disorders of amniotic fluid, placenta previa or history of other uterine surgery, e.g, myomectomy were excluded.
The patients were subjected to history taking, including age, parity, menstrual history for verification of gestational age, medical history, details of previous CS, including date, indication, and postoperative recovery. Full examination including general and abdominal obstetric examination was done.
The ultrasound examination was done using an Accuvix (Medison Co., Ltd. Seoul, Korea) machine equipped with a 4-7 MHz transabdominal (3D4-7EK), a 5-8-MHz transvaginal (3D5-8EK) probe and 3D volumetric probe. The full thickness of the LUS was measured abdominally using 2D and 3D ultrasound, while the thickness of the muscular layer of the LUS was measured transvaginally. The ultrasound examinations were done with comfortably full bladder as full bladder is essential for demarcating the lower uterine segment, while over distended bladder can elongate the cervix, stretching the LUS and affect the accuracy of measurement.
Transabdominal ultrasound examination to obtain full obstetric ultrasound report including estimated gestational age, fetal lie, presentation, amniotic fluid volume, placental location with special focus on relation to the uterine scar.
The second step was to measure the thickness of the LUS using 2D ultrasound. View of the LUS was obtained in the mid-sagittal plane and the view was magnified looking for the thinnest area of the LUS. Also, the LUS was examined in a lateral view to detect any apparent rupture, ballooning or funneling. The measurement was taken with the cursors at the urine-Urinary bladder interface and the amniotic fluid -decidua interface after sufficient magnification and measurement was taken to the nearest tenth of millimeter. The numeric display was covered during the examination to avoid bias when performing the 3D measurement in the next step. Three measurements were taken and the least measurement was recorded (figure 1).
After the entire thickness was measured by 2D ultrasound, 3-D volume dataset was obtained of the LUS by the same operator. The acquired volume was manipulated on the multiplanar display mode, searching for the thinnest part of the LUS avoiding obliquity (figure 2).
Transvaginal ultrasound examination was done following the transabdominal one. The vaginal probe was inserted into the posterior vaginal fornix with the patient lying supine and the patient's knees are gently flexed and hips are slightly elevated with a pillow. Clear view of the LUS was obtained in the midsagittal plane visualizing the cervical canal to ensure that the view is midline one and avoiding obliquity.
On transvaginal examination the muscular layer of the LUS was clearly seen as hypoechoic line between the hyperechoic uterovesical fold and the decidualized endometrium and the chorioamniotic membranes. The scar area was magnified so the scar occupies at least 75% of the image to ensure consistent and accurate measurements. The thickness of the muscular layer of LUS was taken with the measuring caliber placed at the urinary bladder wall-myometrium interface and the myometrial/ chorioamniotic membrane interface. Three measurements of the LUS were taken, and again, the least measurement was recorded (figure 3).
Again, 3D volume data set of the LUS was obtained. The acquired volume was manipulated on the multiplanar display looking for the thinnest part of the muscular layer. The thickness was measured to the nearest tenth of millimeter and recorded (figure 4). The same operator has performed the transabdominal and transvaginal sonographic examination, and the surgeon performing the CS was always blinded of the sonographic findings.
The ultrasound examination to CS time interval varied from one to forty eight hours. During Cesarean delivery the LUS was defined as the part of the uterus below the uterovesical peritoneal reflection. After opening the visceral peritoneum and performing the bladder dissection, the LUS was assessed for integrity of the CS scar by the operating surgeon to avoid bias by the sonographic findings. Scar dehiscence was defined as the presence of either transparent LUS with visible contents, presence of well-circumscribed scar defect or presence of frank uterine rupture.
Data were collected, verified and revised. Continuous data were expressed as means ± standard deviation of the means or number (%). Categorical data were presented in the form of number and percentage. Comparison between the two groups (patients with previous one and two Cesarean sections) was performed using student unpaired t test. Comparison between categorical data was performed using Chi square test. Pearson correlation coefficient was used to determine significant correlations among different parameters. Receiver operating characteristic (ROC) curve was used to determine the sensitivity and specificity of the four different ultrasound measurement techniques. The data were considered significant if p values was ≤ 0.05, highly significant if p < 0.01. Statistical analysis was performed with the aid of the SPSS computer program (version 12 windows). Table 1 presents general characteristics of the participants with most of them had no previous vaginal deliveries.
Results
Contracted pelvis and failure of progress were the commonest indications of the previous CS followed by preeclampsia then other indications (Table 2 ). 5 cases of scar dehiscence were detected intraoperatively with incidence of 6.67% one of them had transparent LUS while the other 4 had scar defects (Table 3) . Scar dehiscence showed a statistically significant difference between women with previous 2 CS and those with previous 1 CS (4 vs. 1 respectively) (Table4).
There was a highly statistically significant difference regarding mean thickness of LUS between women with previous 1 and previous 2 CS with both 2D and 3D ultrasound using both transabdomiunal and transvaginal (Table 5) .
Comparison between ROC curves for the different measuring modalities studied are shown in figure 5 
Discussion
As CS rate continues to rise VBAC is an important route to cut down its rate [11] . The main risk associated with VBAC is the uterine rupture during trial of labour. Proper patients' selection for VBAC trial is essential to minimize the risks, making VBAC a relatively safe option [12] .
Our study concluded that ultrasound is a reliable method for measuring the LUS thickness in patients with previous CS and transvaginal 3D ultrasound is the most reliable test due to its high sensitivity and specificity.
ROC curves used to determine the sensitivity and specificity of different ultrasound modalities in prediction of scar dehiscence. The best cut-off value for 2D transabdominal ultrasound was 3.8 mm, with area under the curve (AUC) of 0.737, yielding a sensitivity of 60%, specificity of 91.4%. The best cut-off value for 3D transabdominal ultrasound was found to be 5.0 mm, with AUC of 0.824, yielding a sensitivity of 100%, specificity of 62.86 %.
The best cut-off value for 2D transvaginal ultrasound was 2.0mm with AUC of 0.931 with sensitivity of 100%, specificity of 65.71%. The best cut-off value for 3-D transvaginal ultrasound was 1.9 mm with AUC of 0.974 with sensitivity of 100%, specificity of 87.14% so transvaginal 3D measurement of the LUS muscular layer thickness was the best predictor for uterine scar dehiscence. Jastrow and co-workers (2010), in their systematic review of literature have shown that LUS thickness, measured by ultrasound, is a strong predictor of scar dehiscence in women with previous CS. However, the measurement technique is still not standardized and, therefore, ideal cut -off value for prediction of scar dehiscence cannot be recommended [6] . Also, the incidence of uterine scar defects has been varying from 4.9% [13] to 24 % [14] .
Martins et al, 2009
, were the first investigators to assess the role of 3D ultrasound in evaluating LUS in women with previous CS. However, the main objective was to evaluate the inter and intra-observer variability in measuring the LUS as compared to 2D ultrasound and no correlation to intraoperative findings were done [9] .
Cheung et al. 2011 compared 2D with 3D ultrasound in measuring LUS, focusing again on interobserver variability and utilizing transabdominal ultrasound only in measuring LUS. They found that there was no clear benefit of using 3D over 2D ultrasound in measuring LUS [10] .
Hanafi et al. 2010
, were the first authors to investigate the role of 3D ultrasound in measuring LUS and its correlation to the intraoperative appearance of CSscar. They utilized 3D transabdominal ultrasound only in their measurement, where the full thickness of the LUS was measured. They concluded that 3D transabdominal measurement of LUS was very well correlated to the scar appearance [15] .
To the best of our knowledge, our study is the first in the literature to compare 2D and 3D transabdominal and transvaginal ultrasound in evaluating LUS and correlates the sonographic findings with the intraoperative finding of uterine scar defect. However, in this study, the actual thickness of LUS was not measured intra-operatively and correlated to the sonographic measurement; only the operative finding of scar dehiscence was investigated.
The current study has shown that the thickness of the LUS was significantly less in patient with previous two CS in comparison with patients with previous one CS. These results agree with the results found by Marasinghe et al. 2009 , where they found that there is strong positive correlation between the number of previous CS and operative findings of scar dehiscence and this implies that number of previous CS is a risk factor for uterine scar dehiscence (P =0.041) [16] .
The present study has also examined the reliability of transvaginal muscular layer thickness by 3D ultrasound scan to find if there is any superiority of 3D over 2D ultrasound measurement. As the results show, the 3D and 2D measurements have achieved sensitivity of 100 % for detection of scar defect, however, the 3D method achieved higher specificity (87% for 3D, versus 65.1% for the 2D measurement) although the suggested cut-off value was slightly different (2 mm for 2D, compared to 1.9 mm for 2D).
Four studies in the literature have evaluated transvaginal ultrasound in measuring LUS muscular layer thickness and prediction of scar dehiscence. The suggested cut-off values varied from 1.4mm to 2.0 mm. Asakura et al., in 2000 used 1.6mm as the muscular layer cut of value(they measured the muscular layer only) and deduced a 77.8% sensitivity, 88.6% specificity, 22.6% positive predictive value [17] . Jastrow et al., in 2010 , in their systematic review of literature have shown that there is stronger correlation between transabdominal full LUS thickness and finding of uterine scar defect (AUC: 0.84 +/-0.03, P < 0.001) than between myometrial layer and scar defect (AUC: 0.75 +/-0.05, P < 0.01). The present study suggests different findings as the correlation was found to be stronger with myometrial layer thickness even with the 2D measurement. There are different factors that can explain this heterogenicity of the results [6] . One possible explanation is the different techniques suggested for measuring LUS thickness. The LUS at term is seen as three layered structure, which are the chorioamniotic membrane with the decidualized endometrium; the middle muscular layer; and the uterovesical fold. The measuring technique of the whole LUS is not standardized. Some investigators including did not include the uterovesical peritoneal fold [16] , while other investigators have included the uterovesicalrefelection and bladder wall in LUS thickness [9] .
Regarding transabdominal ultrasound measurement of the full LUS thickness, the present study suggested a cut-off value of 3.8 mm, and 5 mm for prediction of uterine scar dehiscence as measured by 2D and 3Dultrasound measurement respectively. By 2D ultrasound, the cut-off value of 3.8 mm yielded a sensitivity and specificity of 60% and 91.46 % respectively with AUC of 0.737 and 95% confidence interval of 82.3-96.8. These results suggest that the full LUS thickness as measured by 2-D ultrasound is better positive than negative test. These results are similar to the results and cut-off value suggested by Rozenberg et al. 1999 , who performed the largest study on sonographic examination of LUS in scarred uterus. They suggested a cut-off value of 3.5 mm for scar dehiscence prediction, giving a sensitivity of 88.0%, specificity 73.2%, positive predictive value 11.8% and a negative predictive value 99.3% [18] . Similar findings were also suggested by Kushtagi et al. 2010 where the cut-off value for scar defects was found to be 3.0 mm [19] .
The current study has investigated the role of 3D ultrasound measurement of full thickness of LUS. The results have shown that the best cut-off value for prediction of scar dehiscence was 5.0 mm as measured by 3-D ultrasound. This cut-off value yielded 100% sensitivity, 62.86% specificity with 95% confidence interval of 0.719 to 0.902. The use of 3D ultrasound to measure the thinnest part of LUS has significantly increased the sensitivity, although the specificity has been significantly reduced making the test better negative than positive one.
Our study has the following points of strength in relation to other studies First, it is the first study, to the best of our knowledge that examined the role of transvaginal 3-D ultrasound in measuring LUS muscular layer thickness.
Second, the transabdominal has been compared to the transvaginal route, both performed via 2D and 3D ultrasound, and results are compared to intraoperative findings. Third, all the patients included in the study had history of a maximum of two previous CS, which enables the clinician to offer the option of VBAC to similar patients in clinical practice, increasing the possibility of clinical application of the results.
We concluded that ultrasound is a reliable method for measuring the LUS thickness and scar integrity in patients with previous CS. The use of transvaginal 3D ultrasound in measuring the muscular layer thickness of LUS is the most reliable test due to very high sensitivity and specificity. So sonographic assessment of LUS together with the other parameters of assessment, can help the clinician to counsel the women with previous one or two CS about the best mode of delivery.
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